Abstract We argue that the starting point of Kaluza's idea of unifying electrodynamics and gravity was the analogy between gravitation and electromagnetism which was pointed out by Einstein and Thirring. It seems that Kaluza's attention was turned to this point by the three papers on the Lense-Thirring effect and the analogy between gravitation and electromagnetism which were published a short time before Kaluza's paper was submitted. We provide here also an English translation of the third of these papers (Phys. Zeits. 19: 204, 1918).
Introduction
In most descriptions of the Kaluza-Klein approach to unification [1] [2] [3] [4] [5] , Kaluza's idea [6] (English translations exist in [7, 8] ) to add a fifth dimension to spacetime is considered to be the starting point for the whole structure.
Most authors also mention the previous five-dimensional unifying theory by Nordström [9] (English translation in [8] ) which was a flat five-dimensional Maxwell theory with the additional requirement that all dynamical variables are independent of the fifth coordinate. Nordström's interpretation of the resulting theory was that of a usual four-dimensional Maxwell system coupled with relativistic scalar gravity thus obtaining a common source for both kinds of forces.
Since it is generally accepted that Kaluza was unaware of Nordström's theory, Kaluza's idea is regarded as a "quantum leap" with no direct connection to any previous work except, of course, Einstein's general relativity. In addition, Weyl's four-dimensional unifying theory [10] can be considered a source of the "spirit of unification" of the time.
We wish to suggest a different view, viz. that Kaluza's starting point for his theory was the analogy between the Maxwell and Einstein equations for fields of slowly varying sources. This analogy was pointed out by Thirring (based on earlier work by Einstein [11] -English translation in [12] ) during his work on the Thirring-Lense effect [13, 14] (English translation in [15] ). It is explicitly mentioned (although in a footnote) in the first 1918 paper by Thirring [13] and an expanded treatment appears in a 2-page paper [16] in the same year.
Indeed, Einstein was the first, in 1913, to note an electrodynamic-gravitational analogy [11] but it was based on a tentative version of the gravitational field equations. A corrected version which was consistent with the final Einstein equations is Thirring's 2-page 1918 paper [16] . This is actually the basis for the gravitoelectromagnetism formalism [17] [18] [19] [20] but it is rarely acknowledged as such. Usually, the other two Thirring & Lense papers (and their translations) are referred to in this context. These three papers [13, 14, 16] were published slightly before Kaluza prepared a manuscript of his idea and sent it to Einstein. This must have happened in the first third of 1919 as is evident from Einstein's first very warm reaction in a letter dated 21 April 1919 [4, 5, 2, 21] . Moreover, the 2-page 1918 paper by Thirring is cited by Kaluza in the context of this very same analogy between electrodynamics and gravity at the beginning of his paper and may be regarded a preparation and motivation for all the rest. Therefore, we suggest viewing Kaluza's work as being based on two main ingredients: the electrodynamic-gravitational analogy and the addition of a fifth dimension. Kaluza's starting point was the electrodynamic-gravitational analogy for slowly varying sources. Next came the observation that this is more than an analogy, in that general relativity in some sense contains electromagnetism. Adding a fifth dimension was only the next step which was unavoidable in order to have enough "room" for both fields within the same theory. Going to five dimensions was probably an independent contribution of Kaluza; certainly so was his idea to go to five-dimensional general relativity.
In order to strengthen our suggestion, in the next section we provide an English translation of Thirring's 2-page 1918 paper [16] so that non-German speaking readers can judge for themselves. The last section includes a more detailed discussion about the connection of Thirring's paper to Kaluza's.
English translation of the Thirring paper [16]
Translated by N.K. Nielsen
On the formal analogy between the electromagnetic fundamental equations and the einsteinian equations of gravity in the first approximation by Hans Thirring
